ABSTRACT Two 21-d experiments were conducted to evaluate the effects of low phytate barley (LPB) on Zn utilization by young broiler chicks and to determine the contribution of endogenous phytase, present in LPB. In the first experiment, ninety-six 1-d-old male chicks were assigned to a 2 × 3 factorial arrangement of treatments (4 pens of 4 chicks/treatment). Factors were barley type [wild-type barley (WTB) and LPB mutant M 955] and supplemental Zn (0, 10, or 20 mg of Zn/kg). In the second experiment, two hundred forty 1-d-old straight-run broiler chicks were assigned to a 2 × 2 × 3 factorial arrangement of treatments (4 pens of 5 chicks/treatment). Factors were barley type (WTB and LPB), autoclave treatment [nonautoclaved or autoclaved (121°C, 20 kg/cm 2 , 20 min)], and supplemental Zn (0, 10 or 20 mg of Zn/kg). Barley made up 60% of the diets and was the only source of phytate. On average, basal diets contained 26 mg of Zn/kg. Feed intake and body weight gain were greater
INTRODUCTION
Phytic acid consists of a phosphorylated myo-inositol ring and has high chelation capacity for multivalent cations such as zinc, calcium, copper, iron, magnesium, and aluminum (Cheryan, 1980) . Zinc is probably the mineral that is most susceptible to phytate complexation (Kornegay, 2001 ). In research with humans, chicks, swine, and rats it was observed that dietary Zn requirement was increased by dietary phytate (O'Dell and Savage, 1960; Lease, 1966; Atwal et al., 1980; Morris and Ellis, 1980; Lo et al., 1981; Lonnerdal et al., 1989) . Morris (1986) and Oberleas and Harland (1996) reported results that clearly showed that phytate was a significant factor in the development of Zn deficiency in rats and chicks. The presence of Ca aggravated the negative effect of phytate on Zn utilization, probably through the formation of an insolu-1 Corresponding author: ledouxd@missouri.edu.
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(P < 0.05) in broilers fed LPB compared with WTB in experiment 2. Zinc concentration in toes and tibias were affected (P < 0.0001) by barley type (LPB > WTB) and supplemented Zn levels (20 > 10 > 0 mg of Zn/kg), and significant barley type × Zn interactions were also observed in both experiments. Substitution of LPB for WTB increased tibia and toe Zn by 46 and 25%, respectively, an increase comparable to that achieved with supplementing the diet with 20 mg of Zn/kg. No effect of autoclaving was observed for any variable in experiment 2. Retention of P and Zn was higher (P < 0.001) in chicks fed LPB compared with WTB in both experiments. Zinc retention was influenced (P < 0.0001) by dietary Zn, and barley type × Zn level interactions (P < 0.05) were observed in both experiments. Chicks fed LPB utilized more dietary Zn and P than those fed WTB, and this improved mineral utilization was not due to endogenous phytase present in barley.
ble Ca-phytate-Zn complex, which prevents the absorption of Zn in rats (Oberleas et al., 1966) .
The addition of microbial phytase, an enzyme that hydrolyzes phytate, increases the bioavailability of phytate P, cations and protein in monogastric diets Kies et al., 2001) . Levels of supplemental phytase between 600 and 800 PPU (1 PPU = the amount of enzyme required to liberate 1 nM inorganic P from 2 mM sodium phytate per minute at pH 5.0 and 40°C)/ kg of diet have shown the best results for improving P digestibility and retention in pigs and poultry (Kornegay, 2001) . Diets formulated using ingredients having high endogenous phytase activity, such as wheat, barley, and triticale also promote greater absorption of phosphorus (Eeckhout and De Paepe, 1994) . The addition of 800 PPU/ kg of microbial phytase to broiler diets increased Zn retention and decreased Zn excretion (Thiel and Weigand, 1992) . Biehl et al. (1995) reported that phytase and dihydroxycholecalciferol supplementation increased growth rate and tibia Zn concentration in chicks.
Another approach for improving P and Zn utilization is to develop feedstuffs with lower levels of phytic acid.
Recently, USDA scientists developed several low phytate barley (LPB) mutants with reduced phytate P (50 to 90%) with no change in total P (Raboy, 2001) . In recent studies, Guaiume et al. (2002) reported higher P and Zn retention in chicks fed LPB compared with wild-type barley (WTB), and Li et al. (2001a) reported that P availability from LPB was estimated to be 49% compared with 38% for WTB. Egli et al. (2004) reported that adult humans absorbed more Zn from a dephytinized wheat-soy diet compared with the nondephytinized diet (34.6 vs. 22.8%, respectively). Similarly, Adams et al. (2002) reported that substitution of normal corn by low phytate (LP) corn in a cornbased diet resulted in a substantial increase in Zn absorption by healthy adult humans.
The objectives of these studies were to evaluate the effects of LPB, which contains 90 to 95% less phytate P, on Zn and P utilization by young broiler chicks and to determine the contribution of endogenous phytase present in LPB on Zn and P utilization.
MATERIALS AND METHODS
In both experiments, chicks were purchased from a commercial hatchery (Stover Hatchery, Stover, MO) and raised in stainless steel chick batteries in a temperaturecontrolled room. Chicks were maintained on a 24 h constant-light schedule and allowed ad libitum access to feed and tap water. Zinc concentration of tap water ranged from 0.03 to 0.41 mg/L with an average of 0.21 mg/L. Mortality was recorded as it occurred. The basal diet was a barley (Hordeum vulgare L.)-casein-glucose diet formulated to meet or exceed the nutritional requirements (except for Zn) of growing chicks as recommended by NRC (1994) . The analytical composition of the barleys is presented in Table 1 , and the composition of the basal diets is presented in Table 2 . Ground samples were analyzed for dry matter, ash, crude protein, and crude fiber (AOAC, 2000) . Calcium, magnesium, iron, manganese, copper, and zinc were analyzed by flame atomic spectrophotometry. Amino acid content was measured by sample hydrolysis with quantification by HPLC (AOAC, 2000) . The LPB used in this study was the M 955 mutant isolated from the cultivar Harrington used here as a check on the validity of the mutation. The M 955 LPB produces grain that has similar levels of total P when compared with the WTB control but contains 90 to 95% less phytate P (Dorsch et al., 2003; Ockenden et al., 2004) . The LPB and WTB used in these experiments were provided by the USDAAgricultural Research Service, Small Grains and Potato Research Unit, Aberdeen, ID. Chromic oxide was included in the diets as an inert marker at a concentration of 0.05% for determination of mineral retention. Ronozyme B [(endo-1,3(4)-β-glucanase, 140 FBG/g (1 FBG unit = the amount of enzyme that releases 1.0 M of glucose or reducing carbohydrates per minute at pH 5.0 and 30°C); endo-1,4-β-xylanase, 600 FXU/g (1 FXU = the amount of enzyme that releases 7.8 M of reducing xylose equivalents from azo-wheat arabinoxylan per minute at pH 6.0 and 50°C); α-amylase, 50 KNU/g (1 KNU = the amount of enzyme that breaks down 5.26 g of starch per h at pH 7.1 and 37°C)] was also included at a level of 500 g/ton to avoid confounding effects caused by nonstarch polysaccharides. Endogenous phytase activity in the diets was measured according to Zyla et al. (2002) . Barley was the only source of phytate in the diets. Phytate content of the barleys was determined according to Dorsch et al. (2003) .
Experiment 1
A total of ninety-six 1-d-old male chicks was randomly assigned to a 2 × 3 factorial [2 barley types (WTB or LPB) and 3 Zn levels (0, 10, or 20 mg of Zn/kg)] arrangement of treatments with 4 pen replicates of 4 chicks assigned to each of the 6 dietary treatments for 3 wk. Zinc was supplied as ZnSO 4 .
Experiment 2
A total of two hundred forty 1-d-old straight-run broiler chicks were randomly assigned to a 2 × 2 × 3 factorial [2 barley types (WTB or LPB), autoclaved (121°C, 20 kg/cm 2 , 20 min.) or nonautoclaved, and 3 Zn levels (0, 10, or 20 mg of Zn/kg)] arrangement of treatments with 4 pen replicates of 5 chicks assigned to each of the 12 dietary treatments for 3 wk. Zinc was supplied as ZnSO 4 . Vitamin mix supplied (per kg of feed): vitamin A (retinyl acetate), 8,810 IU; cholecalciferol, 3,855 IU; vitamin E (DL-α-tocopheryl acetate), 14 IU; niacin, 55 mg; calcium pantothenate, 17 mg; riboflavin, 6.6 mg; pyridoxine, 2.2 mg; menadione sodium bisulfite, 1.7 mg; folic acid, 1.4 mg; thiamin mononitrate, 1.1 mg; biotin, 0.2 mg; cyanocobalamine, 11 g; and ethoxyquin, 83 mg.
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Selenium premix provided 0.20 mg of Se/kg of diet from NaSeO 3 . 5 1 PPU is the amount of enzyme required to liberate 1 nM inorganic P from 2 mM sodium phytate per minute at pH 5.0 and 40°C.
Measurements
During wk 3, excreta samples (4 pens/treatment) were collected for 5 consecutive days to determine P, Ca, and Zn retention. Daily excreta output was homogenized, and a 10% aliquot was collected, pooled, and frozen for subsequent analysis. At the end of the experiments, chicks were weighed by pen. Feed consumption was recorded at the same time, and feed conversion was calculated.
Chicks were then euthanized with carbon dioxide, and the middle toe from each foot and right tibia (3 chicks per pen) were collected.
For toe ash determination, toes were dried at 100°C for 24 h, weighed, and dry ashed in a muffle furnace at 540°C overnight. For tibia ash determination, right tibia were stripped of adhering tissue following immersion in boiling water, ether extracted, dried at 100°C for 24 h, weighed, and dry ashed in a muffle furnace at 540°C overnight. These procedures for bone ash determination are similar to those reported previously (Potter et al., 1995; Garcia and Dale, 2006) except that samples were ashed at 540°C to prevent zinc volatilization. Excreta and feed samples were dried at 60°C and ground through a 1-mm stainless steel screen. Bone ash and duplicate samples of excreta and feed were digested by nitric-perchloric acid wet digestion. Phosphorus concentrations in feed and excreta were determined colorimetrically by the molybdo-vanadate method (AOAC, 2000) . Calcium, Zn, and Cr concentrations in the bone, feed and excreta were determined by flame atomic absorption spectrophotometry, and the assay was validated by including standard reference material (peach leaves) from the National Institute of Standards and Technology. Phosphorus, Ca, and Zn retention were calculated using the following formula: 100% − [100% × (Cr concentration in feed or excreta) × (P or Ca or Zn concentration in feed or excreta)].
The animal care and use protocol for these studies was reviewed and approved by the University of MissouriColumbia Animal Care and Use Committee. Values within a column with no common superscript are significantly different (P < 0.05). 
Statistical Analysis
Data were analyzed as a 2 × 3 factorial (experiment 1) and 2 × 2 × 3 factorial (experiment 2) by ANOVA using the GLM procedures of SAS (SAS Institute, 1996) . The means for treatments showing significant differences in the ANOVA were compared using Fisher's protected least significant difference procedure. Statistical significance was accepted at P ≤ 0.05.
RESULTS

Experiment 1
No barley type × Zn level interactions were observed (P > 0.05) for performance data (Table 3) . Feed intake, body weight gain, and feed conversion were not affected (P > 0.05) by barley type. However, chicks fed diets with 10 and 20 mg/kg of supplemental Zn had higher (P < 0.05) feed intake and body weight gain than chicks fed diets with no supplemental Zn. No barley type × Zn level interaction (P > 0.05) was observed for tibia or toe ash (Table 4) . Percent toe ash was affected (P < 0.05) by barley type. However, percent tibia ash was not affected (P > 0.05) by barley type (Table  4) . Supplemental Zn did not affect (P > 0.05) percent toe or tibia ash. However, Zn concentration in toes and tibias increased (P < 0.0001) with increasing levels of dietary Zn and was higher (P < 0.0001) in chicks fed LPB compared with those fed WTB. Significant barley type × Zn level interactions (P < 0.0001) were observed for toe Zn (TZ) and tibia Zn (TBZ; Table 4 ). In chicks fed WTB, toe Zn and tibia Zn increased with increasing Zn supplementation, whereas the consistently high levels of toe Zn and tibia Zn in chicks fed LPB were not affected by higher concentrations of supplemental Zn.
Phosphorus retention was higher (P < 0.0001) in chicks fed LPB compared with chicks fed WTB but was not affected by dietary Zn (Table 5 ). Zinc retention was higher (P < 0.001) in chicks fed LPB but declined with increasing Zn supplementation. A significant barley type × Zn level interaction (P < 0.0001) was also observed for Zn retention (Table 5) .
Experiment 2
No interactions between barley type, Zn level, or autoclaving were observed for performance variables (Table  6 ). Feed intake and body weight gain were higher (P < 0.05) in chicks fed LPB compared with chicks fed WTB but were not affected (P > 0.05) by Zn level or autoclaving process (Table 6 ). Feed conversion was not affected (P > 0.05) by dietary treatments.
Percent toe ash and percent tibia ash of chicks were not affected (P > 0.05) by dietary treatments (Table 7) . However, zinc concentration in toes and tibias increased (P < 0.0001) with increasing levels of dietary Zn and were higher (P < 0.0001) in chicks fed LPB compared with those fed WTB (Table 7) . In chicks fed WTB, toe Zn and tibia Zn increased with increasing Zn supplementation, whereas similar to results in experiment 1, in chicks fed LPB increasing Zn supplementation did not further increase the already high toe and tibia Zn. This resulted in a significant (P < 0.0001) barley type × zinc level interaction (Table  7) . No main or interactive effects of autoclaving were observed for bone ash.
Chicks fed LPB retained more P (P < 0.0001) than chicks fed WTB (Table 8) . Calcium retention in broiler chicks was not affected (P > 0.05) by barley type. However, Ca retention was lower (P < 0.05) in chicks fed 20 mg of Zn/ kg compared with chicks fed 0 or 10 mg of Zn/kg (Table  8) . Chicks fed LPB retained more Zn (P < 0.001) than chicks fed WTB. Zinc retention decreased (P < 0.0001) with zinc supplementation (Table 8) . The difference in Zn retention between the 2 barley types was much greater at zero compared with 10 or 20 mg of supplemental Zn/ kg, resulting in a significant (P < 0.05) barley type × Zn level interaction (Table 8) . No main or interactive effects of autoclaving were observed for P, Ca, or Zn retention.
DISCUSSION
Performance was not affected by barley type in experiment 1 but was affected by barley type in experiment 2, with chicks fed LPB having higher feed intake and body weight gain (942 and 694 g, respectively) compared with chicks fed WTB (877 and 648 g, respectively). Results of experiment 1 are consistent with previous reports in turkeys (Li et al., 2001b) , pigs (Veum et al., 2001) , and fish (Sugiura et al., 1999) , whereas results of experiment 2 are inconsistent with these previous reports. Because diets in both experiments theoretically contained the same levels of nonphytate P, differences in growth performance in experiment 2 were unexpected. Jang et al. (2003) also reported no differences in growth in chicks fed LPB and Values within a column with no common superscript are significantly different (P < 0.05). WTB when available P was used as a covariate in the statistical model. A likely explanation for the difference between the 2 experiments is that the higher feed intake and body weight gain in experiment 2 increased the demand for available nutrients. This demand was met to a greater extent by the LPB diet compared with the WTB diet. The NRC (1994) states that 40 mg of zinc/kg of diet is optimal for chick growth; therefore in these experiments, dietary levels of zinc were used that ranged from deficient (24 mg/kg) to adequate (48 mg/kg). Results of experiment 1 indicated that the basal diet (∼24 mg of Zn/kg) Values within a column with no common superscript are significantly different (P < 0.05). required an additional 10 mg of Zn/kg to maximize chick performance. In contrast, in experiment 2, Zn level in the basal diet (∼27 mg/kg) was enough to meet the requirement for chick growth because additional Zn did not further improve chick growth. Similar results to that of experiment 2 were reported by Guaiume et al. (2002) , who observed no difference in growth performance of chicks fed diets containing WTB and LPB and supplemented with 0, 10, and 20 mg of Zn/kg of diet. These results suggest that the Zn requirement of chicks fed a barley-based diet may be less than 40 mg/kg but higher than 24 mg/kg. However, Mohanna and Nys (1999) reported that a dietary Zn concentration of 45 mg/kg gave the best performance in broilers fed corn-soybean mealwheat diets from hatch to 21 d of age.
Percentage tibia ash was not affected by dietary treatments in either experiment. In experiment 1, percent toe ash in the WTB treatment was higher than in the LPB treatment. However, there was no significant difference in toe ash weight (mg) between barley types (462 and 453 mg of toe ash for WTB and LPB, respectively). These contrasting results may be due to the influence of soft tissue (cartilage and skin) present on the toes, on percent toe ash determination. In contrast, toe ash weight would not be influenced by soft tissue. However, in previous studies with turkey poults (Li et al., 2001b) and broiler chicks (Linares et al., 2003) fed diets containing NRC levels of nonphytate P, no differences in percent tibia or toe ash were observed between chicks fed WTB or LPB. Research with chicks fed LP corn have also shown bone mineralization equal to or superior to those fed diets with normal corn (Li et al., 2000; Waldroup et al., 2000; Yan et al., 2000; Jang et al., 2003) and equal levels of nonphytate P.
As expected, no effects of Zn level on percentage of bone ash in chicks were observed. Because Ca and P are Values within a column with no common superscript are significantly different (P < 0.05). the major components of bones and the levels of these minerals in the diets were kept at NRC (1994) recommended levels, minimal differences in dietary Zn content did not affect bone mineralization. In agreement with this study, Yi et al. (1996) and Mohanna and Nys (1999) also did not observe effects of Zn level on percentage of bone ash in broilers. Toe and tibia Zn were higher in chicks fed LPB compared with those fed WTB in both experiments. These results are consistent with previous reports by Guaiume et al. (2002) and Jang et al. (2003) who also observed increased bone Zn in chicks fed LPB compared with those fed WTB. Increased levels of phytic acid in feed have been shown to cause a decrease in Zn absorption in humans (Adams et al., 2002; Egli et al., 2004 ) and a decrease in Zn concentration in rat femurs (Atwal et al., 1980; Morris and Ellis, 1980) . The addition of 10 and 20 mg of Zn/kg to the low Zn diets resulted in an increase of TBZ content by 18 and 28% and TZ content by 18 and 22%, respectively, in experiment 1. In experiment 2, the addition of 10 and 20 mg of Zn/kg to the low Zn diets resulted in an increase of TBZ content by 20 and 38% and TZ content by 16 and 32%, respectively, but this increase was only observed in chicks fed WTB. Increased TZ and TBZ concentration with increasing dietary Zn observed in this study is consistent with previous studies (Biehl et al., 1995; Yi et al., 1996; Mohanna and Nys, 1999; Guaiume et al., 2002) . The magnitude of change in TZ and TBZ content in response to increasing concentrations of dietary Zn confirms previous reports indicating that bone Zn measurements are sensitive indicators for determining Zn utilization. Significant barley type × Zn level interactions were also observed for TZ and TBZ. In chicks fed WTB, toe Zn and tibia Zn increased with increasing Zn supplementation, whereas in chicks fed LPB, toe Zn and tibia Zn did not increase with supplemental Zn. These results indicate that the diet containing LPB with no supplemental Zn supplied enough Zn to maximize TZ and TBZ concentrations, whereas in the diets containing WTB, toe Zn and tibia Zn concentrations continued to increase with increasing levels of supplemental Zn. These results also confirm previous reports (Li et al., 2001a,b) on the increased availability of Zn in LPB compared with WTB.
Chicks fed LPB diets retained 13.6 to 16.8% more P than chicks fed WTB diets, indicating that the availability of P from LPB is greater than that from WTB. Similar results were observed in chicks (Li et al., 2001a; Guaiume et al., 2002; Jang et al., 2003) , turkeys (Li et al., 2001b) , pigs (Veum et al., 2001) , and fish (Sugiura et al., 1999) fed LPB and WTB diets. The LPB used in this study (M 955 ) is the only grain or legume genotype currently avail- Values within a column with no common superscript are significantly different (P < 0.05).
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Data are means of 4 replicate pens of 5 chicks per pen.
able for research in which grain phytate is reduced by greater than 90%. Because barley was the only source of phytate in the experimental diets, differences in nutritional status or performance between chicks fed the WTB and LPB diets can, in a genetic sense, be attributed to the allelic difference in a single gene between WTB and LPB that results in this large reduction in grain phytate, and accompanying large increase in available P. Phosphorus excretion decreased an average of 25.8% when LPB was used in chick diets, compared with WTB diets. This level of excreta P reduction is consistent with previous reports (Li et al., 2000 (Li et al., , 2001b Yan et al., 2000; Jang et al., 2003; Linares et al., 2003) in which reductions in P excretion ranged from 17 to 33% when poultry were fed diets containing LPB or LP corn compared with their wild-type counterparts. These reductions in excreta P concentrations are similar to reductions observed (28-30%) when phytase is used to replace 0.1 to 0.15% nonphytate P in broiler diets (Waldroup et al., 2000; Yan et al., 2000) .
Zinc retention was significantly higher in chicks fed LPB (averaging 27.5% for both experiments) compared with chick fed WTB. Guaiume et al. (2002) observed similar results in chicks fed LPB and WTB and the same levels of supplemental Zn. Thiel and Weigand (1992) reported that the addition of microbial phytase to broiler diets increased Zn retention and decreased Zn excretion. More recently, Yi et al. (1996) reported that Zn retention from a low Zn diet (20 mg of Zn/kg) increased linearly in chicks fed increasing levels of phytase (150 to 600 U/kg of diet). These data taken together with results of the current study and that of Guaiume et al. (2002) suggest that a reduction in phytate content of diets, whether by using LP grains or supplemental phytase, should improve Zn utilization.
The decrease in Zn retention with increasing dietary Zn concentrations observed in the present study has been reported previously in chicks (Yi et al., 1996; Mohanna and Nys, 1999) . Mohanna and Nys (1999) reported that only 8% of ingested Zn was retained when the diet contained 170 mg of Zn/kg, whereas Zn retention was 29, 25, and 19% in diets containing 20, 30 , and 60 mg of Zn/kg, respectively. In the present study, Zn retention averaged 43% across all dietary treatments for both experiments, where the highest dietary Zn concentration was 48 mg/kg Zn.
A significant barley type × Zn level interaction also was observed for Zn retention in both experiments. Chicks fed both barley types showed a decrease in Zn retention when Zn supplementation was increased. However, the decrease in Zn retention was much greater in chicks fed LPB compared with those fed WTB. It appears that when Zn is limiting, more Zn is retained in the body for main- Values within a column with no common superscript are significantly different (P < 0.05). taining physiological functions, thus resulting in less Zn excretion in the waste. Baer and King (1984) and Wada et al. (1985) suggested that humans rapidly reduce Zn excretion in response to low Zn intake, and Ziegler et al. (1989) noticed that infants were able to increase Zn absorption efficiency and decrease excretion of endogenous Zn, thereby maintaining Zn balance, despite a drastic decrease in Zn intake. Also, increased Zn retention efficiency has been shown in rats (Huber and Gershoff, 1970) and in chicks (Emmert and Baker, 1995) with decreased Zn intakes. The results of the present study confirmed data from Guaiume et al. (2002) , who also observed an interaction and main effects of Zn level and barley type in chicks fed LPB and WTB barley to 21 d. Calcium retention in this study was not affected by substituting LPB for WTB in the diets. Similar results were also reported in turkeys (Li et al., 2001b) , pigs (Veum et al., 2001) , and fish (Sugiura et al., 1999) fed LPB and WTB. However, contrasting results were reported in fish fed LPB (Overturf et al., 2003) and in humans fed LP corn (Hambidge et al., 2005) . The increase in Ca availability and absorption in the studies by Overturf et al. (2003) and Hambidge et al. (2005) are probably a consequence of the lower dietary Ca concentrations used in those studies. In this study, Ca retention declined with increasing Zn supplementation (0 mg/kg, 53.05%; 10 mg/kg, 52.34%; 20 mg/kg, 46.16%) indicating that Zn depressed Ca utilization, probably through the formation of an insoluble Caphytate-Zn complex, which decreases the absorption of both minerals (Kornegay, 2001) .
No main or interactive effects of autoclaving were observed for any response variable. This may have occurred because of the low levels of endogenous phytase activity (183 and 190 PPU/kg for WTB and LPB, respectively) in the barley cultivars. Barley was the only ingredient that contained endogenous phytase activity, and when added at 60% in diets, it contributed with endogenous phytase of 110 PPU/kg for WTB and 114 PPU/kg for LPB diets. Thus, there was very little difference in phytase activity between the 2 barley diets. In addition, Eeckhout and De Paepe (1994) reported that plant phytase is only 58% as effective as microbial phytase, which would mean that the phytase activity (relative to microbial phytase) in these diets was only 64 and 66 PPU/kg, respectively. These levels of phytase may not have been high enough to cause improvements in mineral utilization. Therefore, it is not surprising that there were no main or interactive effects of autoclaving. In swine diets containing 482 PPU/ kg of endogenous phytase activity from feedstuffs such as wheat, wheat middlings or barley, steam pelleting at approximately 80°C decreased the absorption of P and Ca by 10%. This was mainly due to a considerable reduc-tion in the phytase activity (Jongbloed and Kemme, 1990) . Edwards et al. (1999) observed no improvements in phytate P utilization by broilers when corn-soybean meal diets were pelletized or extruded. Using an in vitro procedure, Zyla et al. (1999) observed that autoclaving feed containing 55% wheat for 20 min remarkably decreased the amounts (76% reduction) of P liberated from the diet containing 282 to 377 PPU/kg of endogenous phytase activity.
Results of these studies indicated that chicks fed LPB were able to utilize more dietary P and Zn than chicks fed WTB. Therefore, diets containing LPB may not need to be supplemented with as much inorganic P and Zn. The combination of low levels of supplementary inorganic P and Zn and increased availability of both minerals in LPB may result in a significant reduction in P and Zn in poultry manure. Reduction of minerals in manure would contribute to a reduction in the potential for environmental pollution. Differences in Zn and P utilization by chicks fed WTB and LPB diets are due to differences in phytic acid content of the barleys and not due to endogenous phytase activity present in the grains.
